Wrhen squalene, which has been freshly purified by passing a solution in petroleum ether through a column of activated alumina, is dissolved in chloroform and acetic anhydride and sulfuric acid are added, a color develops only after a considerable time. It was found that if chloroform is omitted and acetic anhydride is used as the solvent, the reaction can be speeded up although there is still a time lag before appearance of the color. The rate of color development varies considerably with small changes in temperature, and it is necessary to allow for its development in a constant temperature bath. A temperature of 38.000. was selected for this purpose, since this problem was undertaken during the summer and since the temperature rise associated with the addition of sulfuric acid brings the temperature approximately into this range. The color is best described as an indefinite yellow-orange with greatest absorption at 400 mi in the visible spectrum. There are no well defined maxima in this range.
The reaction is performed as follows: A solution containing 300 y to 1500 y of squalene is introduced into a 12.5 cm. x 1.5 cm. test tube. The solvent is removed at room temperature under a stream of nitrogen, 2 cc. of acetic anhydride are added, and the tube is shaken. An excess amount of material must be avoided or solution will be difficult. Five drops of concentrated sulfuric acid are added avoiding contact with the sides of the tube. The tube is shaken and immediately suspended in a water bath at 38.000. After thirty minutes, 5 cc. of chloroform are added and the quantity of squalene is determined at 400 mt (Coleman Jr Spectrophotometer). The light absorption was found to be proportional to the concentration of squalene in the range specified.
The material used for the standard is freshly prepared by passing a solution of squalene' for determination of its squalene content. This must be done on the same day that the no n-saponifiable material is chromatographed. Quantitative recoveries can repeatedly be obtained when 700 of squalene are treated similarly using the same columns.
If it is desired, the residue on the column after removal of the squalene may be eluted with 30 cc. of absolute methyl alcohol and "isocholesterol" and cholesterol may be determined according to the method of Lederer and Kiun (8). A mixture of 200 of "isocholesterol," 500 ' of cholesterol and 600 y of squalene subjected to this treatment yielded nearly quantitative recoveries of all three components.
Only a few sebum-like substances are available as such. They were obtained as follows:
Sebum-material containing no desquamated cells or hairs, obtained from ovarian dermoid cysts.
Cerumen-collected at the clinic.
Hair oil-petroleum ether extract of unwashed human hair; no pomade was used for at least three months before accumulation of the oil.
Human smegma-only one sample was available; the lipid was separated from desquamated cells, bacteria, fungi, etc. by ether extraction.
Horse smegnia-obtained from a horse abattoir and treated similarly as the human smegma.
Lanolin-pharmaceutical grade anhydrous lanolin.
EXPERIMENTAL
Squalerte in sebum and sebum-like materials
When the non-saponifiable lipids of human sebum from ovarian dermoid contents and hair, and those of cerumen (ear wax) are processed as indicated above, colorless oils are obtained which behave like squalene in that they exhibit no absorption maxima at wave lengths longer than 220 m and they give the required reaction. On standing, they become more viscous, become fluorescent and give the color reaction described with the reagent as does squalene after similar treatment. Thus, there are nonpathological sources of squalene in man in addition to that found in dermoid contents (4) .
The results of quantitative analysis using the colorimetric procedure are shown in table I.
It may be seen that dermoid sebum contains the highest concentration of squalene. Hair oil, which is considered to be a product of sebaceous glands of the scalp and cerumen, which is partially of sebaceous origin, contain significant amounts.
Human smegma is not a true sebaceous substance since hardly any sebaceous glands are found in the inner layer of the foreskin and in the glans. 3 Fat from human epidermoid cysts and human mesentery contain only a trace of squalene.
It is interesting that lanolin, which contains an abundant quantity of "isocholesterol," does not contain squalene as measured by the colorimetric procedure and as verified by failure to prepare any squalene hexahydrochioride from 50 gms. of lanolin. Dermoid material contains only a trace of "isocholesterol." This was determined after removal of squalene as indicated above and applying the method of Lederer and Kiun (8) for the simultaneous determination of cholesterol and "isocholesterol." Squalene was first demonstrated to be present in horse smegma by preparation and identification of the hexahydrochloride as did Dimter in the case of dermoid sebum (4). It represents approximately 5% of the total lipids of horse smegma. Although this investigation was undertaken because of this observation, the colorimetric method cannot be used for the quantitative determination of squalene in horse smegma, since upon the addition of the reagent to the desired fraction an immediate reaction occurs and a green color is produced.4 However, on rechromatographization and fractional elution with petroleum ether, fractions which are free of the green chromogen are obtained. These fractions now give the normal colorimetric reaction for squalene but the values are not quantitatively accurate.
Nature of the chromo gem
When pure squalene is reffuxed with 98% formic acid for 48 hours, four of the six double bonds disappear and tetracyclosqualene is formed (5) . This substance may be purified as indicated for squalene and it gives an immediate color reaction 'Personal communication from Dr. A. Plaut. 4 The green chromogen was shown not to be cholesterol. with the reagent. This color reaction has been found to occur with squalene from horse smegma and dermoid contents after identical treatment.
When squalene is allowed to age a similar immediately reacting substance is formed. It is concluded that the actual chromogen is tetracyclosqualene and that the time lag such as occurs before the appearance of the color is associated with the cyclization of squalene.
Naturally occurring tetracyclosçualene
When large amounts of dermoid cyst sebum are processed as indicated above, and fractional elution is employed, it is found that after the squalene has been removed from the column, fractions which react immediately with the reagent are obtained. This material was found even when every effort was made to reduce the time necessary for processing to a minimum. It is felt, therefore, that tetracyclosqualene is present in situ in the cyst. Whether it is actually produced by the sebaceous glands or is formed from squalene on prolonged exposure to body temperature is unknown. Horse smegma similarly treated is also found to contain tetracyclosqualene. Zechnaeister's phytofluene, C40H64(±2H), (9) also reacts immediately with the reagent. Although fractions containing tetracyclosqualene show a similar fluorescent spectrum,5 they lack the specific ultra-violet absorption bands of phytofluene.
Rat sebum
The lipids of rat skin were investigated and the non-saponflable matter was treated as indicated above. Where squalene was expected, a colorless, low-melting, wax-like substance was obtained. It contains a substance producing a yellow green color from which it can be partially separated by chromatography. It absorbs bromine and can be completely extracted with concentrated sulfuric acid from its solution in petroleum ether. Squalene hexahydrochloride cannot be prepared nor is tetracyclosqualene obtained on refluxing with formic acid. The substance does not have the properties of partially hydrogenated squalene (10) . Since this substance is also present in the lipids of rat hair it is presumed to be one of the constituents of rat sebum.
Specificity of the method
Neither lanolin, human epidermoid cyst contents, nor mesenteric fat contain squalene or other chromogenic substances which are eluted under the conditions specified. It follows that none of the substanceswhich give a positive LiebermannBurchard reaction and which are present in these materials appear in the eluate. Thus this fractionation procedure eliminates cholesterol and "isocholesterol." It is evident that other chromogenic substances in addition to squalene such as the chromogens of horse smegma and rat sebum may be present in these fractions. Nevertheless, the colorimetric method should be of use in the quantitative determination of squalene in lipids where it has been shown to be present by
The fluorescent fractions of horse smegma have been investigated and the findings will be reported upon completion of experiments designed to test their carcinogenicity.
other means and where there are no interfering substances. It is realized that hepene might also give the same reaction if it were present.
DISCUSSION
Since squalene is found in human ovarian dermoid material and in hair oil, it must be concluded that it is also produced by sebaceous glands of the human skin. Two well known properties of squalene may play an important role in human skin physiology. They are, the ease of uptake of oxygen, directly (11) or in association with ultra-violet irradiation (12) , and cyclization, to which reference has already been made. The latter aspect is of great interest to workers in chemical oncology.
The structure and uniformity of composition of tetracyclosqualene is not yet definitely established, although it apparently contains a naphthalenic nucleus (13) . On the other hand, several tetracylcosqualenes and pentacyclosqualenes are theoretical cyclization products of squalene, and aberrant cyclization could yield a hydrogenated derivative of chrysene. This could presumably occur in association with conditions which are frequently known to precede cancer, such as burns and ultraviolet irradiation. Aromatization of the steroid nucleus has been suggested as a pathway for the biogenic formation of a carcinogen (14) .
Similarly, the aberrant tetracyclosqualene could be aromatized to a polymethyl ehrysene. Several chrysenes have been shown to have some carcinogenic activity (15) . It has been reported that 1.7% of ovarian dermoid cysts become cancerous (16) . Reference has already been made to the carcinogenic action of horse smegma (7) .
Apparently species differences are associated with differences in the composition of the sebum. There are at least three types which may be designated as the "isocholesterol" type, the squalene type, and the "rat" type. It remains to be seen if the difference in species response to painting with carcinogen is associated with differences in composition of the sebum. It has been beautifully demonstrated that the sebaceous glands play some role in the response to painting with carcinogens since cancer cannot be elicited in infantile mice which lack sebaceous glands (17).
It is known that methylcholanthrene suffers a considerable reduction in capacity to produce cancer when it is dissolved in lanolin (18) and it has been suggested that this effect might be associated with the presence of "isocholesterol" (19) . SUMMARY A colorimetric method has been developed for the detection of squalene. This substance has been found to be a general constituent of sebum-like materials of human origin and of horse smegma. The evidence seems to indicate that tetracyclosqualene is a naturally occuring substance.
